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Description

TECHNICAL FIELD

[0001] The invention relates to a power steering sys-
tem for a working machine.
[0002] The invention is applicable on working ma-
chines within the fields of industrial construction ma-
chines or construction equipment, in particular wheel
loaders. Although the invention will be described with re-
spect to a wheel loader, the invention is not restricted to
this particular machine, but may also be used in other
working machines such as articulated haulers, excava-
tors and backhoe loaders.

BACKGROUND

[0003] In connection with transportation of heavy loads
at construction sites or the like, a working machine is
often used. The working machines may be utilized for
transportations in connection with road or tunnel building,
sand pits, mines, forestry and similar environments.
Thus, a working machine is frequently operated with
large and heavy loads in rough terrain and on slippery
ground where no regular roads are present.
[0004] Today, most of the working machines are
equipped with a power steering system that helps the
driver to steer the vehicle by providing an additional steer-
ing effort, making it easier for the driver to turn. In this
respect, the power steering system includes a hydraulic
or electric actuator to increase the steering effort applied
by the driver on the steering wheel and to reduce con-
siderably the physical effort necessary to turn the wheels
when the vehicle is stopped or moving slowly.
[0005] Power steering systems are either electric or
hydraulic. Among hydraulic systems, there are the "con-
ventional" hydraulic systems in which there is a mechan-
ical link between the steering column and the steered
wheels and the "full hydraulic" systems in which there is
no mechanical link between the steering column and the
wheels. In other words, a full hydraulic steering system
is one in which a power steering pump pushes fluid
through hydraulic hoses into and out of a steering cylinder
that then turns the wheels.
[0006] Basically, the conventional hydraulic systems
include a steering gear whose purpose is to reinforce the
torsional movement of the steering wheel to facilitate
matters for the driver. The steering wheel movement is
transmitted via a steering shaft to a ball worm. The ball
worm is linked to a ball nut that is attached to the bottom
of a reaction piston. When the driver turns the steering
wheel, it influences a valve in the steering gear and hy-
draulic fluid is forced under or over the reaction piston,
depending on which way the driver turns the wheel. This
construction is interesting in that it enables the driver to
steer the vehicle even if the servo-pump (that is used for
pumping fluid under or over the reaction piston) is out of
action.

[0007] In a full hydraulic steering system, the steering
gear is replaced by a steering unit that comprises a steer-
ing valve and a metering device, which is also known as
"gerotor". This steering valve is connected to the steering
column so that, when the steering wheel is moved, oil is
pumped by a hydraulic pump through the steering valve
and subsequently through the metering device acting as
a turbine. A metered oil flow is sent to either end of a
hydraulic ram (or steering cylinder). The ram forces the
wheels to turn according to the rotating direction of the
steering wheel.
[0008] For instance, US RE 25126, US 4 514 152 and
US 4 665 695 disclose examples of steering units.
[0009] A main advantage of a full hydraulic steering
system is that it allows to build a suspension that is un-
encumbered by a steering linkage such as a four-link. It
is also powerful for turning big tires and simple in that it
does not need a drag link to connect from a frame-mount-
ed steering gearbox to the axle.
[0010] Document GB1394808 shows a prior art sys-
tem with the features of the preamble of claim 1.
[0011] There is a demand from the market to be able
to propel working machines in a more environmentally
friendly manner, e.g. by electrification of the driveline. In
this respect, in an electrically driven working machine,
the pump that is used for supplying the steering valve
with oil is driven by an electric motor.
[0012] In accordance with the regulations, the driver
must be able to control the machine in the event of an
electrical failure, i.e. the steering system must be able to
be manoeuvred even in the event of an electrical fault
occurring in driving conditions, i.e. even when the hy-
draulic pump is off (not working). To this end, the steering
unit is designed so that, if the hydraulic pump does not
deliver oil, the torque applied by the driver to the steering
column is transmitted to the metering device acting as a
hand pump. In such configuration, the metering device
can pump the fluid from one end of the hydraulic ram and
conveys it to the other end, according to a closed loop
(oil does not flow from or back to the tank). This results
in turning the front wheels. However, the torque to be
applied by the driver to steer the vehicle is obviously
much higher than that in normal operating conditions (i.
e. when the hydraulic pump is operative). For example,
this "manual mode" is disclosed in US 2019 039646 A.
This works fine when the two compartments of the steer-
ing cylinder have the same volume (capacity). However,
in a configuration in which the steering cylinder has two
compartments of different volumes, it can be necessary
to have oil flowing from the steering cylinder to the tank,
and inversely, meaning that the steering oil system can-
not work in a closed loop as mentioned above.
[0013] However, when the oil circuit is not under pres-
sure, that is to say when the pump is not operative, the
manual pump cannot be able to convey enough oil inside
the compartment in expansion in order to keep it full of
oil. In other words, the manual pump cannot be able to
follow the movement of the steering rod, which is going
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too fast. Thus, there is a vacuum that is created inside
the compartment in expansion. This phenomenon is
called cavitation. Because of this cavitation phenome-
non, the driver has the feeling that the wheels are some-
how disconnected from the steering system, which is not
compliant with the requirements of the concerned regu-
lation (ISO 5010).
[0014] It is to these drawbacks that the invention more
particularly intends to remedy by proposing a power
steering system allowing, on the one hand, to maintain
a certain level of assistance when the pump of the oil
circuit is not operative and on the other hand, to avoid
the cavitation phenomenon inside the steering cylinder.
[0015] In this respect, it is known from US
2018/0346017 A1, EP 1 312 533 B1, US 6 269 903 B1,
US 9 867 325 B2 to arrange a liquid accumulator on the
side of the supply line. This accumulator can be used to
provide the steering system with pressurized liquid when
the pump is non-operational.
[0016] The problem with this type of backup system is
that it requires an active control to enable the use of the
accumulator only when necessary. In addition, the as-
sistance provided by the accumulator is only temporary
since it stops as soon as the accumulator is empty.

SUMMARY

[0017] An object of the invention is to provide a power
steering system that can still provide an additional steer-
ing effort, even though no pressurized liquid flows in the
supply line (pump not working), and that enables to avoid
cavitation phenomenon when the machine is steered with
the hydraulic pump off.
[0018] The object is achieved by a power steering sys-
tem according to claim 1.
[0019] Thanks to the invention, the relief valve creates
a back pressure inside the return line and the accumu-
lator store a portion of pressurized oil, which makes it
easier for the metering device (acting as a hand pump
when there is no pressure in the supply line) to draw the
liquid from the return line and to recirculate it into the
system. In addition, the accumulator forms an additional
source of liquid when the hydraulic pump is not working.
Indeed, in such configuration, the metering device can
draw liquid from the accumulator, which enables to have
enough liquid flowing into the compartment of the steer-
ing cylinder that is in expansion (with respect to the po-
sition of the piston) and therefore to avoid cavitation.
[0020] Further advantages of the system are disclosed
in the following description and in the dependent claims
2 to 10.
[0021] The invention also concerns a working machine
as defined in the claims 11 to 14.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] With reference to the appended drawings, be-
low follows a more detailed description of embodiments

of the invention cited as examples.
[0023] In the drawings:

Fig. 1 is a detailed view of the power steering system
of the invention;
Fig. 2 is a side view of a working machine comprising
the power steering system of figure 1;
Fig. 3 is an enlarged view of figure 1, showing more
specifically a schematics of the hydraulic steering
unit of the system;
Fig. 4 is a schematic view of the hydraulic steering
unit structure;
Fig. 5 is a simplified scheme of the power steering
system, in a straight configuration (front axle parallel
to rear axle);
Fig. 6 and 7 are views similar to Fig. 6 respectively
representing a right turn configuration and a left turn
configuration, with the hydraulic pump working;
Fig. 8 is a view similar to figure 5, in which the hy-
draulic steering system is manually operated by the
driver (hydraulic pump not working), more specifical-
ly to achieve a left turn;
Fig. 9 is a view similar to figure 8, representing the
configuration of the system at the end of the turn.

DETAILED DESCRIPTION OF EXAMPLE EMBODI-
MENTS OF THE INVENTION

[0024] Figure 2 represents a working machine 4. In the
example, the machine 4 is a wheel loader, in particular
an articulated wheel loader. This means that the machine
4 comprises a rear unit 6 and a front unit 8 that are hinged
one with the other around an axis Z-Z’ that is perpendic-
ular to the ground in a normal configuration, i.e. vertical.
In other words, the machine includes an articulated joint
arrangement that enables the front unit 8 to turn relative
to the rear unit 6.
[0025] As its name indicates, the front unit 8 and the
rear unit 6 each comprises a respective pair of wheels.
Contrary to other types of heavy-duty vehicles, in an ar-
ticulated wheel loader, the front axle and the rear axle
do not remain parallel one with the other. One benefit of
using such articulation is that the driver can manoeuvre
in much smaller areas than wheel loaders equipped with
a rigid frame. However, the invention is obviously appli-
cable to wheel loaders equipped with a single rigid frame,
in which only the front wheels pivot during a turn.
[0026] The machine 4 comprises a power steering sys-
tem 2 that helps the driver to steer the vehicle by providing
an additional steering effort, making it easier for the driver
to turn.
[0027] The power steering system 2 includes at least
one steering cylinder 10, comprising two compartments
separated by a piston 11. Advantageously, the piston is
attached to a piston rod 13 that is linked to the articulation
joint arrangement of the machine 4. In the example, the
steering cylinder 10 is a double acting cylinder, which
means that each compartment can receive pressurized

3 4 



EP 4 161 817 B1

4

5

10

15

20

25

30

35

40

45

50

55

liquid so as to control the movement of the piston rod. In
known manner, when pressurized liquid flows in one
compartment, the liquid inside the other compartment
flows out of the cylinder. In a variant not shown, the power
steering system 2 may include two or more steering cyl-
inders.
[0028] As shown on figure 1, the power steering sys-
tem 2 further includes a liquid tank 12, a steering unit 14,
a hydraulic pump 22, for pumping liquid from the tank 12
to the steering unit 14 through a supply line 24 (also
known as "pump line"), a return line 26 (also known as
"tank line") through which the liquid can flow from the
steering unit 14 back to the tank 12 and two control lines
30 and 32, respectively connecting the steering unit 14
to the two compartments (left and right) of the steering
cylinder 10.
[0029] The power steering system 2 is a full hydraulic
system in which there is no mechanical link between the
steering column and the wheels. This means that the
pump 22 pushes fluid through hydraulic hoses into and
out of the steering cylinder 10 that then turns the front
unit 8 relative to the rear unit 6.
[0030] Preferably, the liquid tank 12 is an oil tank.
[0031] In the example, the hydraulic pump 22 is the
only oil pump of the working machine 4, which means
that the hydraulic pump is used to supply other hydraulic
systems than steering, such as the implement actuators.
In this respect, and as shown on figure 1, the power steer-
ing system 2 further includes a priority valve 44 designed
so that the hydraulic pump 22 supplies the power steering
system as a priority. More precisely, the priority valve 44
is designed to allow liquid flow to other hydraulic systems
than steering only when the pressure of the liquid con-
veyed by the pump 22 (available pressure) is greater
than or equal to a specified level. When the available
pressure drops below said specified level, the priority
valve 44 will close, leaving flow available to the power
steering actuator 10.
[0032] The priority valve 44 is well known as such, that
is why it is not detailed further herein.
[0033] Advantageously, and as shown on figure 1, the
system 2 further includes a hydraulic control valve 60
whose function is to control the implement of the machine
(working tool), such as a bucket.
[0034] In the embodiment of the figures, the machine
4 includes a full electric powertrain (not shown), which
means that the machine 4 does not include any internal
combustion engine.
[0035] Accordingly, and as shown on figure 1, the hy-
draulic pump 22 is driven by an electric motor. Obviously,
the invention is also applicable to a fuel-powered working
machine in which the hydraulic pump is mechanically
linked to the engine crankshaft, for example through a
belt.
[0036] The steering unit 14 includes a steering valve
16 and a metering device 18, for supplying one compart-
ment (left or right) of the steering cylinder 10 with a me-
tered flow of liquid.

[0037] As shown in the example of figure 4, the steering
valve 16 is a rotary valve comprising an input shaft 21
connected to a steering wheel 20.
[0038] Besides, the metering device 18 is a gerotor
(which is derived from "generated rotor") consisting of an
inner rotor 18b and an outer rotor 18a. The inner rotor
has n teeth, while the outer rotor has n+1 teeth; with n
defined as a natural number greater than or equal to 2.
The geometry of the two rotors partitions the volume be-
tween them into n different dynamically-changing vol-
umes. During the rotation cycle, each of these volumes
changes continuously, so any given volume first increas-
es, and then decreases. An increase creates a vacuum.
This vacuum creates suction, and hence, this part of the
cycle is where the inlet is located. As a volume decreases
compression occurs. During this compression period, a
fluid can be pumped. In this paper, gerotor 18 can also
be designated as "gerotor mechanism".
[0039] In known manner, the rotary valve includes a
housing (not shown) inside which is arranged a cylindrical
spool 16a. The spool 16a can be provided with splines
in which a rotary shaft 21 of a steering wheel 20 can be
snugly fitted.
[0040] The spool 16a is freely rotatable inside the
housing. A sleeve 16b is arranged inside the spool 16a.
A transverse pin 50 rotationally couples the sleeve 16b
with the spool 16a. However, the sleeve 16b delimits slots
for the passage of the pin 50, which means that the spool
16a can rotate relative to the sleeve 16b over a certain
angular displacement (or clearance). However, a spring
mechanism (not shown) is used to return the sleeve 16b
in a neutral configuration relative to the spool 16a.
[0041] The inner rotor 18b is mechanically linked to the
input shaft 21. Indeed, a transmission shaft 52 (also
known as "dog bone") connects the inner rotor 18b to the
pin 50, and therefore to the spool 16a which, itself, is
connected to the input shaft 21.
[0042] When the spool 16a and the sleeve 16b are not
given any rotating force, the above-mentioned spring
mechanism maintains the relative position between the
spool 16a and the sleeve 16b in a neutral position.
[0043] When the spool 16a is rotated by the steering
operation, the spool 16a is loosely rotated within the
above mentioned clearance relative to the sleeve 16b.
The rotation of the spool 16a within the clearance switch-
es over the fluid paths to actuate the gerotor 18, with the
result that the sleeve 16b is rotated in a follow-up manner.
[0044] Precisely, when the steering wheel 20 is rotated
in clockwise direction (resp. counterclockwise direction),
the spool 16a is rotated and forms in conjunction with the
sleeve 16b a path for the passage of liquid. The pressu-
rized liquid flows successively through a pump port and
is supplied to the vacant spaces 54 between the stator
18a and the rotor 18b of the gerotor mechanism 18. The
supply of the pressurized liquid into the gerotor mecha-
nism 18 allows the rotor 18b to make an orbital motion
in the clockwise direction (resp. counterclockwise direc-
tion) while rotating on its own axis in the counterclockwise
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direction (resp. clockwise direction), with the result that
the vacant spaces 54 are contracted. The pressurized
liquid fed out of the gerotor mechanism 18 is supplied,
into one compartment (left or right, depending on the ro-
tation direction of the steering wheel 20) of the steering
cylinder 10.
[0045] Meanwhile, when the fluid paths are formed and
when the rotor 18b of the gerotor mechanism 18 rotates
on its own axis, this rotation is transmitted to the sleeve
16b through the dog bone 52 and the pin 50. The gerotor
18 therefore serves as a hydraulic turbine (or hydraulic
motor).
[0046] The sleeve 16b is rotated in a follow-up manner
relative to the rotation of the spool 16a and, when the
steering wheel stops its rotation, the sleeve 16b and the
spool 16a are brought to a neutral state, with the result
that the supply of the pressurized liquid to the steering
cylinder 10 is stopped.
[0047] Consequently, as long as the driver turns the
steering wheel 20 (in the same direction), liquid is sent
into one of the compartments (right or left) of the steering
cylinder 10, and the piston moves. Even if the oil flow
rate remains substantially constant, the quantity of liquid
sent under pressure to the concerned compartment of
the cylinder is substantially proportional to the amplitude
of movement of the steering wheel 20. When the driver
stops turning the steering wheel 20, the sleeve 16b re-
turns in neutral position with respect to the spool 16a and
there is no longer any liquid sent to the steering cylinder
10. The steering cylinder 10 is therefore somehow iso-
lated from the rest of the oil circuit.
[0048] Control spool 16a of the control valve is rotated
via the steering column in relation to control sleeve 16b.
This opens cross-sections between the spool 16a and
the sleeve 16b. The pressurized oil acts on the rotor 18
and sets the latter into motion. The oil is then fed via the
rotor set to the steering cylinder. The rotation of the rotor
acts on the sleeve 16b, which then follows the rotary
movement of the spool 16a.
[0049] The size of the opened cross section depends
on the speed of the steering wheel and/or on the steering
pressure. If the steering movement is interrupted and the
spool 16a is at a standstill, the oil, which still flows through
the opened cross-sections to the rotor 18b, causes the
rotor 18b and hence the sleeve 16b to continue to rotate
a bit.
[0050] The rotary movement then causes the cross-
section to close now, the rotor 18b also comes to a stand-
still and at the same time the steering cylinder 10 is in
the desired position. A centering spring (not shown)
brings and holds the spool 16a and sleeve 16b in a neutral
position to each other.
[0051] In the event of an oil supply failure, the rotary
valve operates as hand pump. In this operational state,
oil can be sucked from the tank via a suction check valve,
which prevents that air gets into the system. During nor-
mal operation, this valve also prevents shock or kick
backs on the steering wheel caused by excessive exter-

nal steering forces.
[0052] US 4 514 152 and US 4 665 695 disclose ex-
amples of rotary valves for a steering system, which
means that such valve is well known from prior art.
[0053] Figure 6 shows a right turn configuration. On
figure 6, the path of liquid is represented by the arrows.
In the right turn configuration, the movement of the steer-
ing wheel 20 in the clockwise direction makes the rotary
valve 16 to connect the supply line 24 to the inlet side of
the gerotor 18. Meanwhile, the control line 30 connected
to the left compartment of the steering cylinder 10 is con-
nected to the outlet side of the gerotor 18 (acting as a
hydraulic motor). Also, the rotary valve 16 connects the
control line 32 connected to the right compartment of the
steering cylinder 10 to the return line 26. Accordingly,
pressurized liquid flows inside the left compartment of
the steering cylinder 10, while liquid inside the right com-
partment flows back to the tank 12 through the return line
26. This leads to a movement of the piston 11 (and con-
sequently of the piston rod 13) to the right direction, as
shown by the big arrow above the cylinder 10.
[0054] Figure 7 shows a left turn configuration, in which
the arrows also represent the path of liquid. In the left
turn configuration, the movement of the steering wheel
20 in the counter-clockwise direction makes the rotary
valve 16 to connect the supply line 24 to the inlet side of
the gerotor 18. Meanwhile, the control line 32 connected
to the right compartment of the steering cylinder 10 is
connected to the outlet side of the gerotor 18 (acting as
a hydraulic motor). Also, the rotary valve 16 connects the
control line 30 connected to the left compartment of the
steering cylinder 10 to the return line 26. Accordingly,
pressurized liquid flows inside the right compartment of
the steering cylinder 10, while liquid inside the left com-
partment is drawn back to the tank 12 through the return
line 26. This leads to a movement of the piston 11 (and
consequently of the piston rod 13) to the left direction.
[0055] When the hydraulic pump 22 for supplying pres-
surized liquid to the power steering apparatus 10 is not
functioning or malfunctioning, the rotation of the spool
16a is transmitted to the inner rotator 18b of the gerotor
through the pin 50 and the transmission link 52. In con-
sequence of the rotation of the spool 16a, the gerotor
mechanism 18 serves as a hydraulic pump (fail-safe
function). Typically, the gerotor 18 can be used to pump
liquid from one compartment of the steering cylinder 10
to the other compartment.
[0056] In this respect, the power steering system in-
cludes a recirculation line 28 connecting the return line
26 to the supply line 24. As show on figures 3 and 6, a
check valve 44 is arranged on said recirculation line 28
to prevent liquid from flowing from the supply line 24 to
the return line 26.
[0057] In the example (See figure 5), an additional
check valve 42, preferably a spring-loaded check valve,
is arranged on the supply line 24 for preventing liquid
from flowing from the steering unit 14 back to the pump
22.
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[0058] In operation, the liquid that is drawn by the gero-
tor 18 acting as a hand pump does not flow back to the
tank 12 but is recirculated in the system: In this respect,
the gerotor 18 draws the liquid flowing in the return line
26, using the recirculation line 28. Pressurized liquid de-
livered in output of the gerotor 18 is sent to the opposed
compartment of the steering cylinder to make the ma-
chine 4 turn.
[0059] Figure 8 shows a configuration in which the sup-
ply line 24 is not pressurized, i.e. a configuration in which
the hydraulic pump 22 is not able to pump any liquid from
the tank 12 to the steering unit 14. For example, such
configuration can happen when the battery (not shown)
of the working machine 4 is discharged. On figure 8, the
arrows also represent the path of liquid.
[0060] Precisely, figure 8 represents a configuration in
which the steering wheel 20 is turned to the counter-
clockwise direction (Left turn). In this configuration, the
movement of the steering wheel 20 in the counter-clock-
wise direction makes the gerotor 18 to draw liquid from
the left compartment of the steering cylinder 10, succes-
sively through the control line 30, the return line 26 and
the recirculation line 28, and to pump it in direction of
control line 32 to fill in the right compartment of the steer-
ing cylinder 10 with a pressurized liquid flow. In other
words, the control line 32 connected to the right compart-
ment of the steering cylinder 10 is connected to the outlet
side of the gerotor 18 (acting as a hydraulic pump). Ac-
cordingly, pressurized liquid flows inside the right com-
partment of the steering cylinder 10, while liquid inside
the left compartment is recirculated into the system,
through the recirculation line 28. This leads to a move-
ment of the piston (and consequently of the piston rod)
to the left direction.
[0061] Given that there is no liquid pressure in the sup-
ply line 24, the steering wheel 20 can be difficult to turn.
In order to help the driver to turn the steering wheel 20,
the power steering system 2 further comprises a liquid
accumulator 34 connected through a branch 35 to the
return line 26. In detail, branch 35 extends between a
connection point 38 arranged on the return line 26 and
the accumulator 34.
[0062] The accumulator 34 includes one port connect-
ed to the branch 35. This port serves both for discharging
the accumulated liquid and refilling the accumulator 34,
when appropriate.
[0063] The liquid accumulator 34, which is an oil accu-
mulator, creates a backpressure inside the return line 26,
which makes the liquid inside the return line 26 easier to
draw (or pump) by the gerotor 18 (in comparison with the
systems of prior art in which no accumulator is arranged
on the "tank line" side). In operation, pressurized liquid
is therefore discharged from the accumulator 34 to the
inlet side of the gerotor 18, successively through the tank
line 26 and the recirculation line 28. The gerotor 18 then
delivers a metered flow of liquid to the right compartment
of the steering cylinder 10, through control line 32.
[0064] The size of the accumulator 34 is chosen to be

superior to that of the steering cylinder 10, so that the
accumulator 34 can never be emptied and can generate
a backpressure during the whole range of displacement
of the steering wheel 20.
[0065] The configuration in which the driver turns right
(with no pressure in the pump line 24) is not described
herein as such configuration is similar to that previously
described, except that the rotary valve 16 connects the
control line 32 to the tank line 26 and the control line 30
to the outlet of the gerotor 18.
[0066] In addition to helping the driver to turn when the
hydraulic pump 22 is not operating, the accumulator 34
provides another advantage, which is to avoid the phe-
nomenon of cavitation inside the steering cylinder 10.
[0067] In the example, the steering system of the ma-
chine 4 is built according to a non-reaction design, which
means that, contrary to other road vehicles, such as
trucks or passenger cars, the steering does not come
back to a straight position after a turn, when the driver
stops turning the wheel. In other words, the steering sys-
tem does not react as a function of external forces, such
as the ones applied by the road or coming from the own
weight of the machine. As a matter of fact, when the driver
stops turning the wheel 20, all orifices of the hydraulic
system are closed off and the steering rod stays as it is:
the steering angle does not change. The driver needs to
move the steering wheel 20 in the opposite direction to
move the front unit 8 back to a straight position relative
to the rear unit 6.
[0068] In this configuration (non-reaction design of the
steering system), when the driver tries to steer the ma-
chine while the hydraulic pump 22 is off (not operative),
the metering device 18 draws oil from the compartment
of the steering cylinder that is in compression and pumps
oil to the compartment of the steering cylinder that is in
expansion. Since oil is drawn from the compartment that
is in compression, pressure unbalance occurs between
the right and left compartments, which makes the piston
to move. Without the additional source of pressurized
liquid supplied by the accumulator, the metering device
might not be able to convey enough oil inside the com-
partment that is in expansion in order to keep it full of
liquid. In other words, the amount of liquid flowing inside
the compartment in expansion might not be high enough
to keep it full of liquid and some vacuum might appear.
This can be especially critical when the volume of the
compartment in expansion is much higher than that of
the compartment in compression, i.e. when the steering
angle increases.
[0069] However, with the additional source of liquid
stored inside the accumulator 34, the latter can be used
to supply the compartment of the steering cylinder that
is in expansion with an additional amount of pressurized
liquid, thereby avoiding any creation of vacuum inside
the steering cylinder. Without any cavitation, the driver
has the feeling that the wheels remain connected to the
steering system, which complies with the requirements
of the concerned regulation (ISO 5010).
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[0070] In a variant not-shown, the steering system of
the machine 4 can also be built according to a load-re-
action design, which means that, as other road vehicles,
such as trucks or passenger cars, the steering system
reacts as a function of external forces, such as the ones
applied by the road or coming from the own weight of the
machine. In this configuration, the steering rod 13 can
move as a function of external forces applying on the
steering system. Accordingly, the piston 11 that is part
of the steering rod 13 pushes liquid stored inside one
compartment (in compression) and vacuum can appear
in the other compartment (the one in expansion) if the
amount of liquid that is simultaneously introduced into
this compartment in expansion is not high enough to fill
in the vacuum space. As for the non-reaction design, the
accumulator 34 enables to make sure that enough liquid
is pumped to the compartment in expansion and that no
cavitation occurs.
[0071] When the volume of the compartment that is in
compression is bigger than that of the compartment that
is in expansion, i.e. when the steering angle of the ma-
chine decreases, the amount of liquid to be pumped in-
side the compartment in expansion is lower than that
which is needed to increase the steering angle. Accord-
ingly, the liquid drawn from the compartment that is in
compression is usually sufficient for feeding the other
compartment of the steering cylinder 10, which means
that it is no more necessary to draw liquid from the ac-
cumulator 34. In such configuration, which is represented
on figure 9, no more liquid is drawn from the accumulator
34. More precisely, a portion of the liquid drawn from the
compartment in expansion is recirculated in the system
(through line 28), while the other portion flows back in
the tank line 26 and can be used to recharge the accu-
mulator 34.
[0072] This means that the accumulator 34 is not ac-
tively controlled: It is discharged and recharged automat-
ically, depending on pressure conditions in the pump line
24. One can speak of a passive control.
[0073] As shown on figure 5, a relief valve 36 is advan-
tageously arranged on the return line 26 between the
liquid tank 12 and a connection point 38 of the accumu-
lator 34. Preferably, the relief valve 36 is a spring-loaded
check valve.
[0074] This relief valve 36 enables to create a back-
pressure inside the tank line 26. The relief valve 36 en-
ables the liquid to flow from the steering unit 14 to the
tank 12 only when a pressure threshold, e.g. 3 bar (rel-
ative pressure) has been reached. In other words, the
relief valve 36 is designed to open at a predetermined
set pressure, e.g. 3 bar. This is achieved by using a valve
spring capable of providing enough force to maintain the
valve 36 closed as long as the pressure upstream of the
valve 36 is below said pressure threshold.
[0075] In the example, a liquid filter 40 is arranged on
the return line 26 between the liquid tank 12 and the con-
nection point 38 of the accumulator 34, preferably be-
tween the liquid tank 12 and the relief valve 36.

[0076] It is to be understood that the present invention
is not limited to the embodiments described above and
illustrated in the drawings; Rather, the skilled person will
recognize that many changes and modifications may be
made within the scope of the appended claims.

Claims

1. A power steering system (2) for a working machine
(4), said power steering system comprising:

- at least one steering cylinder (10), comprising
two compartments separated by a piston (11),
- a liquid tank (12),
- a steering unit (14) comprising a steering valve
(16) and a metering device (18), for supplying
one compartment of the steering cylinder with a
metered flow of liquid,
- a hydraulic pump (22), for pumping liquid from
the liquid tank to the steering unit through a sup-
ply line (24),
- a return line (26) through which the liquid can
flow from the steering unit back to the liquid tank,
- a recirculation line (28) connecting the return
line to the supply line, a check valve (44) being
arranged on said recirculation line to prevent liq-
uid from flowing from the supply line to the return
line,
- two control lines (30, 32), respectively connect-
ing the steering unit to the two compartments of
the steering cylinder,

characterized in that the power steering system fur-
ther comprises a liquid accumulator (34) connected
through a branch (35) to the return line (26) and in
that a relief valve (36) is arranged on the return line
(26) between the liquid tank (12) and a connection
point (38) of the accumulator (34).

2. Power steering system according to claim 1, char-
acterized in that the relief valve (36) is a spring-
loaded check valve.

3. Power steering system according to claim 1 or 2,
characterized in that a liquid filter (40) is arranged
on the return line (26) between the liquid tank (12)
and the connection point (38) of the accumulator,
preferably between the liquid tank (12) and the relief
valve (36).

4. Power steering system according to any previous
claim, characterized in that the hydraulic pump (22)
is driven by an electric motor.

5. Power steering system according to any previous
claim, characterized in that the steering cylinder
(10) is a double acting cylinder.
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6. Power steering system according to any previous
claim, characterized in that an additional check
valve (42), preferably a spring-loaded check valve,
is arranged on the supply line (24) for preventing
liquid from flowing from the steering unit (14) back
to the pump (22).

7. Power steering system according to any previous
claim, characterized in that the volume of the ac-
cumulator (34) is superior or equal to the volume of
the steering cylinder (10).

8. Power steering system according to any previous
claim, characterized in that the steering valve (16)
is a rotary valve comprising an input shaft (21) con-
nected to a steering wheel (20).

9. Power steering system according to previous claim,
characterized in that the metering device (18) is a
gerotor consisting of an inner rotor (18b) and an outer
rotor (18a) and in that the inner rotor (18b) is me-
chanically linked to the input shaft (21).

10. Power steering system according to any previous
claim, characterized in that the system further in-
cludes a priority valve (44) designed so that the hy-
draulic pump supplies the power steering system as
a priority.

11. Working machine (4), characterized in that it com-
prises a power steering system (2) according to any
previous claim.

12. Working machine according to preceding claim,
characterized in that the machine includes only one
hydraulic pump (22).

13. Working machine according to claim 11 or 12, char-
acterized in that the machine includes a full electric
powertrain.

14. Working machine according to any one of the claims
11 to 13, characterized in that the machine is a
wheel loader, in particular an articulated wheel load-
er.

Patentansprüche

1. Servolenkungssystem (2) für eine Arbeitsmaschine
(4), wobei das Servolenkungssystem umfasst:

- mindestens einen Lenkzylinder (10), der zwei
durch einen Kolben (11) getrennte Kammern
aufweist,
- einen Flüssigkeitsbehälter (12),
- eine Lenkeinheit (14) mit einem Lenkventil (16)
und einer Dosiervorrichtung (18) zur Versor-

gung einer Kammer des Lenkzylinders mit ei-
nem dosierten Flüssigkeitsstrom,
- eine Hydraulikpumpe (22), die über eine Ver-
sorgungsleitung (24) Flüssigkeit aus dem Flüs-
sigkeitstank zur Lenkeinheit pumpt,
- eine Rücklaufleitung (26), durch die die Flüs-
sigkeit von der Lenkeinheit zurück in den Flüs-
sigkeitsbehälter fließen kann,
- eine Rückführleitung (28), die die Rückführlei-
tung mit der Zuführleitung verbindet, wobei ein
Rückschlagventil (44) in der Rückführleitung an-
geordnet ist, um zu verhindern, dass Flüssigkeit
von der Zuführleitung zur Rückführleitung fließt,
- zwei Steuerleitungen (30, 32), die jeweils die
Lenkeinheit mit den beiden Kammern des Lenk-
zylinders verbinden,

dadurch gekennzeichnet, dass das Servolen-
kungssystem ferner einen Flüssigkeitsspeicher (34)
umfasst, der über eine Abzweigung (35) mit der
Rücklaufleitung (26) verbunden ist, und dass ein
Überdruckventil (36) in der Rücklaufleitung (26) zwi-
schen dem Flüssigkeitstank (12) und einem An-
schlusspunkt (38) des Speichers (34) angeordnet
ist.

2. Servolenkungssystem nach Anspruch 1, dadurch
gekennzeichnet, dass das Überdruckventil (36) ein
federbelastetes Rückschlagventil ist.

3. Servolenkungssystem nach Anspruch 1 oder 2, da-
durch gekennzeichnet, dass an der Rücklauflei-
tung (26) zwischen dem Flüssigkeitstank (12) und
dem Anschlusspunkt (38) des Speichers, vorzugs-
weise zwischen dem Flüssigkeitstank (12) und dem
Überdruckventil (36), ein Flüssigkeitsfilter (40) an-
geordnet ist.

4. Servolenkungssystem nach einem der vorherge-
henden Ansprüche, dadurch gekennzeichnet,
dass die Hydraulikpumpe (22) von einem Elektro-
motor angetrieben wird.

5. Servolenkungssystem nach einem der vorherge-
henden Ansprüche, dadurch gekennzeichnet,
dass der Lenkzylinder (10) ein doppelt wirkender
Zylinder ist.

6. Servolenkungssystem nach einem der vorherge-
henden Ansprüche, dadurch gekennzeichnet,
dass in der Versorgungsleitung (24) ein zusätzliches
Rückschlagventil (42), vorzugsweise ein federbelas-
tetes Rückschlagventil, angeordnet ist, das ein Zu-
rückfließen von Flüssigkeit von der Lenkeinheit (14)
zur Pumpe (22) verhindert.

7. Servolenkungssystem nach einem der vorherge-
henden Ansprüche, dadurch gekennzeichnet,
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dass das Volumen des Akkumulators (34) größer
oder gleich dem Volumen des Lenkzylinders (10) ist.

8. Servolenkungssystem nach einem der vorherge-
henden Ansprüche, dadurch gekennzeichnet,
dass das Lenkventil (16) ein Drehventil ist, das eine
mit einem Lenkrad (20) verbundene Eingangswelle
(21) umfasst.

9. Servolenkungssystem nach dem vorhergehenden
Anspruch, dadurch gekennzeichnet, dass die Do-
siervorrichtung (18) ein Gerotor ist, der aus einem
inneren Rotor (18b) und einem äußeren Rotor (18a)
besteht, und dass der innere Rotor (18b) mecha-
nisch mit der Eingangswelle (21) verbunden ist.

10. Servolenkungssystem nach einem der vorherge-
henden Ansprüche, dadurch gekennzeichnet,
dass das System ferner ein Prioritätsventil (44) um-
fasst, das so ausgelegt ist, dass die Hydraulikpumpe
das Servolenkungssystem vorrangig versorgt.

11. Arbeitsmaschine (4), dadurch gekennzeichnet,
dass sie ein Servolenkungssystem (2) nach einem
der vorhergehenden Ansprüche umfasst.

12. Arbeitsmaschine nach dem vorhergehenden An-
spruch, dadurch gekennzeichnet, dass die Ma-
schine nur eine Hydraulikpumpe (22) umfasst.

13. Arbeitsmaschine nach Anspruch 11 oder 12, da-
durch gekennzeichnet, dass die Maschine einen
vollelektrischen Antriebsstrang aufweist.

14. Arbeitsmaschine nach einem der Ansprüche 11 bis
13, dadurch gekennzeichnet, dass die Maschine
ein Radlader, insbesondere ein knickgelenkter Rad-
lader ist.

Revendications

1. Système de direction assistée (2) pour une machine
de travail (4), ledit système de direction assistée
comprenant :

- au moins un vérin de direction (10), compre-
nant deux compartiments séparés par un piston
(11),
- un réservoir de liquide (12),
- une unité de direction (14) comprenant une
soupape de direction (16) et un dispositif de do-
sage (18), pour alimenter un compartiment du
vérin de direction avec un flux de liquide dosé,
- une pompe hydraulique (22), pour pomper du
liquide depuis le réservoir de liquide vers l’unité
de direction à travers une conduite d’alimenta-
tion (24),

- une conduite de retour (26) à travers laquelle
le liquide peut s’écouler depuis l’unité de direc-
tion vers le réservoir de liquide,
- une conduite de recirculation (28) reliant la con-
duite de retour à la conduite d’alimentation, une
soupape anti-retour (44) étant agencée sur la-
dite conduite de recirculation pour empêcher le
liquide de s’écouler depuis la conduite d’alimen-
tation vers la conduite de retour,
- deux conduites de commande (30, 32), reliant
respectivement l’unité de direction aux deux
compartiments du vérin de direction,

caractérisé en ce que le système de direction as-
sistée comprend en outre un accumulateur de liquide
(34) relié par une dérivation (35) à la conduite de
retour (26) et en ce qu’une soupape de décharge
(36) est agencée sur la conduite de retour (26) entre
le réservoir de liquide (12) et un point de raccorde-
ment (38) de l’accumulateur (34).

2. Système de direction assistée selon la revendication
1, caractérisé en ce que la soupape de décharge
(36) est une soupape anti-retour à ressort.

3. Système de direction assistée selon la revendication
1 ou 2, caractérisé en ce qu’un filtre à liquide (40)
est agencé sur la conduite de retour (26) entre le
réservoir de liquide (12) et le point de raccordement
(38) de l’accumulateur, de préférence entre le réser-
voir de liquide (12) et la soupape de décharge (36).

4. Système de direction assistée selon l’une des reven-
dications précédentes, caractérisé en ce que la
pompe hydraulique (22) est entraînée par un moteur
électrique.

5. Système de direction assistée selon l’une des reven-
dications précédentes, caractérisé en ce que le vé-
rin de direction (10) est un vérin à double effet.

6. Système de direction assistée selon l’une des reven-
dications précédentes, caractérisé en ce qu’une
soupape anti-retour supplémentaire (42), de préfé-
rence une soupape anti-retour à ressort, est agen-
cée sur la conduite d’alimentation (24) pour empê-
cher le liquide de s’écouler depuis l’unité de direction
(14) vers la pompe (22).

7. Système de direction assistée selon l’une des reven-
dications précédentes, caractérisé en ce que le vo-
lume de l’accumulateur (34) est supérieur ou égal
au volume du vérin de direction (10).

8. Système de direction assistée selon l’une des reven-
dications précédentes, caractérisé en ce que la
soupape de direction (16) est une soupape rotative
comprenant un arbre d’entrée (21) relié à un volant

15 16 



EP 4 161 817 B1

10

5

10

15

20

25

30

35

40

45

50

55

(20).

9. Système de direction assistée selon la revendication
précédente, caractérisé en ce que le dispositif de
dosage (18) est un gérotor constitué d’un rotor inté-
rieur (18b) et d’un rotor extérieur (18a) et en ce que
le rotor intérieur (18b) est lié mécaniquement à l’ar-
bre d’entrée (21).

10. Système de direction assistée selon l’une des reven-
dications précédentes, caractérisé en ce que le
système comprend en outre une soupape de priorité
(44) conçue pour que la pompe hydraulique alimente
en priorité le système de direction assistée.

11. Machine de travail (4), caractérisée en ce qu’elle
comprend un système de direction assistée (2) selon
l’une des revendications précédentes.

12. Machine de travail selon la revendication précéden-
te, caractérisée en ce que la machine ne comprend
qu’une seule pompe hydraulique (22).

13. Machine de travail selon la revendication 11 ou 12,
caractérisée en ce que la machine comprend un
groupe motopropulseur entièrement électrique.

14. Machine de travail selon l’une quelconque des re-
vendications 11 à 13, caractérisée en ce que la
machine est une chargeuse sur pneus, en particulier
une chargeuse sur pneus articulée.
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